It is well known that iodine is widely used as a disinfectant for small wounds. The aim of the present work was to find out whether bromine can replace iodine for this purpose. Experiments carried out by Babcock (1945) on man and by the author on rabbits in vivo (to be published shortly) showed that treatment of wounds with elementary bromine had a marked therapeutic effect. Toxicity tests comparing the action of bromine and iodine on leucocytes and living embryos, the results of which will be published shortly, have shown further that bromine is a good disinfectant in vivo, and that it is even more effective than iodine in these conditions.
It is well known that iodine is widely used as a disinfectant for small wounds. The aim of the present work was to find out whether bromine can replace iodine for this purpose. Experiments carried out by Babcock (1945) on man and by the author on rabbits in vivo (to be published shortly) showed that treatment of wounds with elementary bromine had a marked therapeutic effect. Toxicity tests comparing the action of bromine and iodine on leucocytes and living embryos, the results of which will be published shortly, have shown further that bromine is a good disinfectant in vivo, and that it is even more effective than iodine in these conditions.
In order to understand these results better it was decided to investigate the effect of these two halogens on a number of bacterial toxic enzymes, viz., hemolysins, fibrinolysins, coagulase, and spreading factor. Tests of these agents were held to be of interest because it seemed possible that the inhibition of their action by antiseptics is connected with the activity of the latter when applied in vivo. Destruction of the enzymes would prevent the microorganisms from damaging the attacked body.
METHODS AND RESULTS
The effect of bromine and iodine on the coagulkse of Staphylococcus aureus.2 Citrated rabbit's blood was centrifuged for 5 minutes. The plasma obtained was diluted 1: 10; 0.3 ml of the latter were added to 0.5 ml of filtrate obtained from a Staphylococcus aureus culture grown in broth for 24 hours at 37 C. The broth was filtered through a Berkefeld N filter. After the contents had been well mixed, the test tubes were incubated at 37 C until a clot was detected.
Varying concentrations of bromine and iodine in distilled water were added to the filtrate containing the coagulase. Then plasma was added, and the whole was incubated for 24 hours at 37 C. The concentrations of halogens which inhibited the formation of the clot were determined. Bromine in a concentration 1 Based on data submitted in partial fulfillment of the requirements for the degree of Ph.D., The Hebrew University, January, 1946.
The investigation was supported by a grant from Palestine Potash, Ltd. 2 An attempt was made to reduce bromine and iodine to bromide and iodide, respectively, after different contact times between halogen and enzyme. Potassium iodide and sodium thiosulfate were used for this purpose. However, complications were encountered in these experiments as the tetrathionate which is formed by the reaction has an inhibiting effect on the enzymes. The procedure was therefore abandoned. of 0.3 per cent or more prevents the appearance of the clot. With iodine, the same inhibition is caused only in a concentration of at least 0.8 per cent or more. Thus, bromine is 3.5 times as active as iodine as a suppressor of the coagulase of S. (Jureus. The effect of bromine and iodine on the coagulase of Streptococcus pyogenes. Undiluted plasma, obtained from citrated rabbit's blood, was used. Threetenths ml of plasma were added to 0.3 ml of supernatant fluid, which was obtained by the centrifugation of Streptococcus pyogenes grown in broth containing 3 The method used for testing the coagulase of the staphylococcus was employed with the streptococcus. As is seen in the second part of table 1, bromine in a concentration of 0.2 per cent or above suppresses the action of coagulase. Iodine was more effective than bromine since in a concentration as low as 0.04 per cent it inahibited the action of the coagulase. Thus the activity ratio is 5 in favor of iodine.
The effect of bromine and iodine on staphylolysin and streptolysin. not aerated during growth, but 3 per cent of rabbit's serum was added to the broth. After growth for 24 hours at 37 C, the broth was centrifuged for 25 minutes. The supernatant fluid which contained the hemolysins was removed. The broth containing the bacteria was not used, as it was important to eliminate the effect of the halogens on the bacteria themselves in order to determine the effect upon the hemolysins per se. Equal amounts of a suspension of 1 per cent washed rabbit's erythrocytes in saline were added to the solution of the hemolysins. The results of hemolysis were read after this mixture had been kept for 2 hours at 37 C and for 24 hours in an icebox. It was found that bromine in a concentration of 0.075 per cent destroyed the hemolytic power of the staphylolysin, whereas iodine exerted the same effect in a concentration of 0.4 per cent or above. In the case of streptolysin it was found that bromine in a concentration of 0.02 per cent destroys the activity, whereas iodine exerts the same effect only in concentrations of 0.08 per cent or above.
Thus it seems that bromine has 5.3 times the activity of iodine in destroying the hemolysins of S. aureus and 4 times the activity of iodine with respect to the hemolysins of S. pyogenes.
The effect of bromine and iodine on fibrinolysin of S. pyogenes (group A). According to Tillett (1938) a striling liquefaction of fibrin is obtained when the source of bacteria and fibrin is from the same species, human or animal.
Fibrinolysin from S. pyogenes from a human source and the plasma from human blood were used. The bacteria were grown in broth containing 3 per cent serum for 24 hours at 37 C. The broth was then centrifuged for 25 minutes (2,500 rpm). The supernatant fluid containing the fibrinolysin, but no bacteria, was removed and used. Three-tenths ml of the latter fluid were added to 0.3 ml of citrated human plasma previously diluted 1:5 in saline. Then 0.2 ml of 0.25 per cent CaCl2 were added, thoroughly mixed, and incubated at 37 C. After the appear- The concentrations which prevent the appearance of liquefaction were determined. Bromine and iodine are about equal in their inhibitory activity on fibrinolysin.
The effect of bromine and iodine on spreading factors. The spreading factor is an enzyme found in many bacteria. The penetrating power of the microorganisms through tissues is probably due to this enzyme (Duran-Reynals, 1933 , 1935 , 1942 . The spreading factor of testicular extracts was used as it is known to be identical with the spreading factor obtained from bacteria.
Bulls' testes were stripped of membrane. The glandular tissue was ground with sand and 4 volumes of isotonic saline. The extract was centrifuged and then filtered through a Berkefeld V or W filter. The fluid can be stored in an icebox for months. For testing the effect of spreading factor the solution was diluted with equal parts of saline, and 0.2 ml were mixed in a syringe with 0.3 ml of a diluted solution of india ink (one drop per 10 ml of saline). Afterwards this mixture was injected intracutaneously in a rabbit. Control injections without the spreading factor were conducted on the same rabbit. The area through which the fluid spreads was measured after specified time interval~. Various dilutions of bromine and iodine were added in equal amounts to the spreading factor in dilutions as described above. The range of contact varied For the hemolysins of S. aureus it was found that bromine in a concentration of 0.075 per cent destroyed the activity, whereas iodine exerted the same effect only in a concentration of 0.4 per cent.
Hemolysins of S. pyogenes were also more readily attacked by bromine than by iodine. The former stopped hemolysin action in a concentration of 0.02 per cent, whereas the latter was effective only in a concentration of 0.08 per cent.
Fibrinolysin of S. pyogenes was eliminated by bromine in a concentration of 0.06 per cent and by iodine in a concentration of 0.04 per cent.
The spreading factor was destroyed by bromine in a concentration of 0.2 per cent, whereas iodine had to be used in a concentration of 0.75 per cent in order to exert the same effect.
